In the presented paper a simple method was applied to calculate a viscous and inertial resistant coefficient of a porous material substituting a flared fin heat sink geometry. Based on the performed calculations plots showing the variation of the resistant coefficients with heat sink height and distance between fins were made. In addition, empirical relations that can be applied for a calculation of required resistant coefficients were proposed. Finally a comparison of a flow characteristic both for the real heat sink and its porous representation for selected cases was shown. In the analysis an air flow in room temperature was investigated. Analyses were performed for a range of Reynolds number: 8.3·10
Introduction
The modeling of the heat transfer around the various types of heat sinks is a well-known and widely studied problem. There are many papers that consider the problem of heat and mass transfer in heat sinks of varying shape and geometry. For example Y. T. Yang and H.S. Peng [1] studied the thermal performance of a non-uniform pin fin heat sink for various cooling medium velocities. At the same time B.L. Chan Byon [2] studied, both experimentally and numerically, the influence of the design of a radial heat sink on cooling efficiency in natural convection flow.
Because of the increasing computational power available in CPUs it is now possible to provide very detailed information about the heat transfer characteristics of an individual heat sink. However, if a heat sink only forms part of a larger system and, as is also common, there is more than one heat sink in overall system, it is becomes more difficult to include the resultant complex geometry in the numerical model. Primarily this difficulty relates to the significant increase in the number of mesh elements required to represent the heat sink geometry properly. In practice this can results in a mesh with tens of millions of elements. It is unfeasible to obtain a solution to a model with such a large mesh in a reasonable time.
To overcome this issue, it is possible to include a heat sink in a model as a porous material. Such a model is often referred to as a compact model of a heat sink. By representing a heat sink as a simple porous element, the number of mesh elements may be significantly reduced as the complex heat sink geometry is often replaced by a simple body (for example: cylinder, box etc.). An example of such an approach was given by Narasimhan S. and Majdalani J. [3] where a fin heat sink was replaced by a porous block. The calculations performed showed a satisfying accuracy of a porous heat sink model both in the natural and forced convection case. A similar approach was given by a Jeng T.M. et al. [4, 5] for a pin fin heat sink. Another successful application of a porous model for simulation of a pin fin heat sink was presented by Yu E. and Joshi Y. [6] who performed both numerical and experimental investigations of the efficiency of a pin fin heat sink subjected to natural convection cooling.
Whilst the substitution of the real heat sink by a simple porous body often brings benefits in terms of shorter calculation time, in order to have a good approximation of the real heat sink it is necessary to fulfill two main requirements. Firstly, it is necessary to maintain a similar pressure drop along the coolant flow to properly approximate heat sink dynamic behavior. Another aspect is its thermal performance, which is often described by a heat sink thermal resistance characteristic curve. When substituting for a complex heat sink geometry, it is also necessary to maintain its thermal characteristic. In practice this can be done for example by applying existing thermal resistance vs heat flux curve of a real heat sink to calculate an effective thermal conductivity of a porous material to keep a proper temperature drop along heat sink [3] . If the thermal resistance curve is not accessible an original heat sink geometry can be used to find the required thermal resistance values.
In this paper the primary focus is on the flow similarities between the heat sink geometry and its porous representation. The thermal performance of a group of heat sinks will not be studied.
As previously stated, in order to maintain a similar coolant flow behavior in a porous model of a heat sink, a proper pressure drop along the porous material must be retained. To fulfill this requirement it is necessary to determine precise values of viscous and inertial resistances for a porous material. A semi empirical model that allows these coefficients to be calculated for fin and pin fin heat sinks was proposed by Jeng T.M and Tzeng S.C. [7] . In this paper a similar approach will be performed to identify resistance coefficients for a group of flared fins heat sinks. Additionally, a sensitivity study of the influence of heat sink dimension on the resistance coefficient values is also performed.
Problem description

Geometry under investigation
As part of the research reported in this paper a group of flared fin heat sinks were investigated. In Figure 1 an example geometry of the studied heat sinks with all necessary dimensions is shown. In the same time the CAD model of an individual heat sink and its porous model and an example of computational mesh are presented in Figure 2a and Figure 2b respectively.
In the performed analysis both the viscous and inertial resistance coefficients were determined for various heat sink height (h) and distance between the individual fins (s). Eight different heat sink heights and seven distances between fins were investigated ( Table 1) 
Numerical model description
All necessary numerical calculations were performed in the ANSYS Fluent commercial code. The mesh quality for each investigated case matched the necessary quality conditions of minimum orthogonal quality above 0.01 and maximum skewness value below 0.9. 
Porous model details
From the fluid dynamics point of view a porous material is modelled by ANSYS Fluent via a simple modification of the Navier-Stokes equations where an additional source term is added, responsible for an additional resistant (pressure drop) to the flow exerted by the porous material (eq. 1).
In ANSYS Fluent this source term is added as an external body force and takes the form of Darcy-Forcheimer equation. In the studied case, porous material was used as a substitution of a flared fin heat sink geometry, where a coolant flow is favored in one specific direction (subscript i). In this situation, the Darcy-Forcheimer equation can be described as follows:
. 0 (2) where the variables 1/α and C 2 represent the viscous and inertial resistant coefficient in the direction of a coolant flow respectively and characterize linear and non-linear pressure behavior (drop) along the porous material.
Calculation procedure
To find the viscous and inertial resistance coefficients for a porous material that is replacing a heat sink, first a calculation of the air flow along the heat sink itself was performed. At the next step, a pressure drop characteristic of a heat sink having a parabolic shape was determined. From eq. 2, it may be observed that a source term applied in fluent to account for a material porosity will also take the form of parabolic function, which in general can be written in the form:
Now, comparing eq. 2 and eq.3 one can find that the viscous and inertial resistance coefficients can be calculated from the following relations (eq. 4, eq. 5)
,where Δxi is the thickness of porous material in the i-th direction. Given the above relations, the main task is to find the values of a and b coefficients that will lead to the best match between the polynomial from eq. 3 and heat sink calculated pressure drop characteristic. To identify these coefficients, a Generalized Reduced Gradient (GRG) method implemented in Microsoft Excel and developed by Lasdon L.S. et. al. [8] . was applied.
Results and discussion
Approximation of viscous and inertial resistance coefficients
Studying the relation between the porous material resistant coefficients and geometric dimensions of a heat sink it was found that the change in the viscous and inertial coefficient with a change in heat sink height and fin density can be approximated by a power function of a general form given by the eq. 6. ( 6 ) ,where Rcoeff. depending on the investigated case represents either the viscous resistance (1/α) or the inertial resistance (C 2 ) of a porous material. Simultaneously x states either for a dimensionless heat sink height h* = h/H or dimensionless distance between fins s* = s/S. In order to determine the necessary power function coefficients, the logarithm of eq. 7 was taken so that the variation of resistance coefficients with mentioned heat sink dimensions may be approximated by a simple linear function, from which the required coefficients may be calculated using the least squares algorithm.
The variation of a porous material viscous and inertial coefficients with change in distance between fins (fins density) for different heat sink heights in non-dimensional form are presented in Figure 3a and Figure 3b respectively. Both figures also include straight lines representing the power function approximation given by eq. 7. Studying the accuracy of the power function approximation it was found that for the case of change in distance between fins either viscous or inertial resistance coefficients were obtained with an error not exceeding 5%. Analyzing the results, it was observed that for the case of calculating the resistance coefficients for a given heat sink height, the accuracy of the power function approximation was slightly worse (especially for an inertial resistance coefficient) than for the previous case. This could lead to the conclusion that some other formula could be proposed to describe both the viscous and inertial coefficient behavior. However the accuracy was still deemed satisfactory, with the average approximation error being below 10%; a value which can still be accepted in such engineering applications. Affording more attention to the general behavior of both viscous and inertial resistance coefficients of porous material, it was found that for all investigated cases their values decreased with an increase in heat sink height and distance between fins. Such behaviour of resistant coefficients, in general, could be expected as they are directly related to the pressure drop along heat sink and actual resistance to the air flow which for lower heat sinks and for heat sinks with denser distribution of fins should be larger than for a higher and sparser ones. One of the goals of performed calculations was to determine the power function approximation coefficients A and B from eq. 7 that will allow the required viscous and inertial resistances of porous material (in a studied range of heat sink height and distance between fins) to be calculated without the need of performing time consuming calculations. Their values for all of the investigated scenarios were gathered in Table 2 and in Table 3 .
Heat sink vs porous model approach
To verify the porous model approach additional simulations for selected heat sinks and their porous models were performed. Then the pressure profile along the heat sink and its porous representation were determined and compared for each heat sink. Example results of this comparison for three different heat sinks is presented in Figure  5a In order to evaluate the actual pressure drop along heat sink and its porous model a detailed pressure profile along two of the heat sinks used for the porous model verification was plotted (Figure 5b ). In the presented figure, x* stated for the non-dimensional length of the channel (presented in Figure 1a ) in which a heat sink and its porous model were kept. The shift in the pressure drop profiles between the two presented cases came from the small difference in inlet section length.
Studying the obtained results one can observe that the pressure drop along the porous model of a heat sink differs slightly from the profiles for an original heat sink geometry and has a strictly linear character. However, such a pressure profile for a porous model comes from the details of the eq. 2 and the fact that the flow along porous media itself in all investigated cases was laminar, which therefore leads to a viscous resistance predominating the inertial one. As a result, the linear part of the source term was dominating the second term (inertial resistance). The graphical representation of the difference in pressure drop along the selected heat sink and its porous representation is presented in Figure 6 .
Summarizing all of the performed analyses it can be stated that despite some observed differences in the detailed pressure profile along the heat sink (coming from the porous model details), if a heat sink forms only part of a larger system, a porous model can give a satisfactory approximation of a pressure drop characteristic, whilst significantly reducing the time of numerical calculations. 
Conclusions
In the presented paper numerical calculations for various geometrical designs of flared heat sinks and their porous representation were made. The goal of the performed analysis was to study the dependency between the porous material resistance coefficients and heat sink dimensions (height and fins density) and to look for an approximation function that will allow the necessary resistance coefficients to be calculated without the need of performing time consuming calculations. It was found that for all of the investigated cases a power function can give a satisfactory approximation of resistance coefficient variation with heat sink dimensions. In particular it was found that for the case of varying distance between fins the approximation error did not exceed 5% whilst for the case of varying heat sink height this approximation error was below 10%. Finally, by performing cross-case comparison analysis it was found that the porous model approach can give a satisfactory approximation of the pressure drop characteristic of studied heat sinks. 
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